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[57] ABSTRACT 

A process for providing a thermal control solar stable 
surface coating for aluminum surfaces adapted to be 
exposed to solar radiation wherein selected values 
within the range of 0.10 to 0.72 thermal emittance (er) 
and 0,2 to 0.4 solar absorptance (a^) are reproducibly 
obtained by anodizing the surface area in a chromic acid 
solution for a selected period of time. The rate, voltage 
and time, along with the parameters of initial crand a,, 
temperature of the chromic acid solution, acid concen- 
tration of the solution and the material anodized deter- 
mines the final values of erand as. 

9 Claims, 5 Drawing Figures 
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VARIABLE ANODIC THERMAL CONTROL 
COATING 

ORIGIN OF THE INVENTION 

The invention described herein was made by employ- 
ees of the United Slates Government and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates to a process for providing a 
variable anodic thermal control coating to aluminum 
surfaces for use as the external surface area of space 
vehicles to passively control the temperature of the 
vehicle when exposed to a spatial environment. 

The most significant parameter that can be varied to 
control the temperature of satellites and space vehicles 
is the ratio of the solar absorptance to the low tempera- 
ture emittance (as/ej) of the external vehicle surface 
area. The expression a^/cr is the ratio of the absorptiv- 
ity of the face of a plate to solar radiation (a^) to the 
emissivity of the face of the plate to thermal radiation 
(er)- Since these quantities are dependent only on the 
unit surface of an object, the temperature of the object 
can be adjusted to the desired value by selecting a coat- 
ing for the object’s face that has the requisite value of 
ayer- This is the routine procedure used in the design 
of spacecraft. 

Previous passive methods of controlling the surface 
temperature of spacecraft have included surface oxida- 
tion, vapor deposition of thin metallic films, conversion 
coatings, dielectric films, and partially coating the sur- 
face area of the spacecraft with paint to attain the de- 
sired effective thermal radiation characteristics. The 
disadvantages of these prior art methods include the 
numerous problems included in maintaining the re- 
quired delicate environment for adequate application 
thereof and none had the capability of changing differ- 
ent variables in the process to select the desired values 
for thermal emittance and solar absorptance. The disad- 
vantages of paints is that most of those presently avail- 
able do not possess stable thermal radiation characteris- 
tics when exposed to the space environment. Further, 
no known method of paint application has been devel- 
oped capable of obtaining a wide range of thermal radi- 
ation characteristics or for providing a complete cover- 
age of the surface area to minimize thermal gradients. 

It is therefore an object of the present invention to 
provide a coating process for aluminum surfaces that 
can be controlled to produce the desired thermal emit- 
tance and solar absorptance value within the respective 
ranges of 0.10 to 0.72 and 0.2 to 0.4. 

Another object of the present invention is a novel 
process for applying an anodized coating to an alumi- 
num surface to produce consistent thermal control coat- 
ing characteristics to the surface. 

Another object of the present invention is an anodiz- 
ing process for coating aluminum surfaces that is sensi- 
tive to the parameters of voltage, rate of voltage appli- 
cation, time, temperature, acid concentration, material 
pretreatment and sealing. 

An additional object of the present invention is a 
novel process for providing a variable anodic thermal 
control on aluminum that permits selection of the ther- 
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mal emittance and solar absorptance parameters inde- 
pendent of each other. 

According to the present invention the foregoing and 
additional objects are obtained by a three phase process 
5 involving initial material processing, anodizing the ma- 
terial and post material processing. The process de- 
scribed herein is applicable for any aluminum or alumi- 
num alloy in plate, sheet or foil configuration. 

The purpose of the initial material processing is to 
10 prepare the material for anodizing and to establish an 
initial value of thermal emittance (e/j and solar absorp- 
tivity (a^). This preparation involves cleaning the alumi- 
num material selected by immersion in a metal cleaning 
bath such as MIL-M-7752 metal cleaner at 5 Av oz/gal 
15 balanced with water and operating at 160"* F. to 200'' F. 
(nominal 180" F.) for 5-10 minutes (nominal 8 minutes). 
The aluminum material is then removed from the clean- 
ing solution, rinsed thoroughly in a water bath at ambi- 
ent temperature and then immersed in a deoxidizer 
20 solution. The deoxidizer solution employed in the pres- 
ent process was a mixture of chromic acid (federal spec- 
ification O-C-303 Type II at 5 Av oz/gal) and sulfric 
acid (federal specification 0-5-809 at 12 FI. oz/gal) 
balanced with water and employed at 150" F, to 180" F. 
25 (nominal 170" F.) for 2-5 minutes (nominal 4 minutes). 
The deoxidized aluminum surface material is again 
rinsed in a water bath at ambient temperature while 
physically agitating the aluminum surface to ensure that 
all particulates are removed from the surface. After 
30 drying by filtered forced air, the initial thermal emissiv- 
ily (€ 7 ) and solar absorptivity (a^) values for the mate- 
rial are established by conventional measuring proce- 
dures. 

After establishing the initial thermal emission and 
35 solar absorptance values, the aluminum surface is anod- 
ized by immersing in a chromic acid solution containing 
CrOa in the range of 3 to 10 percent by weight balanced 
with water. A D.C. voltage is applied between the 
aluminum and the chromic acid solution by a conven- 
40 tional process. Starting at zero volts, the voltage is 
increased at a predetermined rate (notminal 30 seconds) 
up to a selected voltage and maintained for a selected 
period of time. The rate, voltage and time, along with 
the parameters of initial thermal emittance (cr) and 
45 solar absorptance (a^), the temperature of the chromic 
acid solution, acid concentration of the solution and the 
material to be anodized all combine to determine the 
final value of erand a^. 

The aluminum is then removed from the chromic 
50 acid bath and rinsed with water to remove the residue 
chromic acid. Sealing of the coating is then attained by 
placing the aluminum surface material in a clear water 
sealing bath at a temperature of 170" F. to 200" F. (nom- 
inal 180" F.) for ten minutes. The aluminum is then 
55 dried using filtered forced air at ambient temperature 
and final erand values measured, as before. 

Referring now more particularly to the drawings, 

FIG. 1 is a graphical representation of the voltage 
and time effects on e^and as values obtained when the 
60 chromic acid concentration is maintained at a pH of 0.5, 
a constant acid bath temperature of 95" F. and different 
voltages from 10 to 40 volts being applied between the 
aluminum surface material and the chromic acid solu- 
tion over a sixty minute time period. 

65 FIG. 2 is a graphical representation of the tempera- 
ture and time effects on erand 05 values obtained during 
a sixty minute time period with the pH concentration of 
the chromic acid bath maintained at 0.5, a constant 
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voltage of 20 volts and for temperatures at 90** F. and 
100" F. 

FIG. 3 graphically illustrates acid concentration and 
time effects on erand values obtained according to 
the present invention during a sixty minute application 5 
of a constant voltage of 25 volts, a constant temperature 
of 95" F. and with chromic acid bath concentrations of 

0.63 and 0.83 pH. 

FIG. 4 graphically illustrates surface preparation 
effects on the initial and final values of erand values 10 
obtained during a sixty minute chromic acid treatment 
on an aluminum surface where the acid bath concentra- 
tion is 0.5 pH, the bath temperature is maintained at 95" 

F. and the voltage applied between the aluminum sur- 
face and the chromic acid bath is a constant 30 volts. 1^ 

The aluminum surface material employed in the 
graphic examples of FIGS. 1-4 is 6061 aluminum and 
values for 1145 and 2024 aluminum sheet stock with 
thicknesses as small as 0.001 inch for all three aluminum 

20 

types giving equivalent reproducible results for the 
same constant parameters. 

FIG. 5 is a graphical illustration of the effects of 
ultraviolet irradiation on solar absorptance for the spe- 
cific aluminum surface material samples designated 
therein and prepared in accordance with the present 
invention. 

It is thus seen that the present invention provides a 
process for obtaining selected values for thermal emit- 
tance (ar) and solar absorptance (a^) within specified 
ranges on the same piece of aluminum material. In addi- 
tion to providing excellent solar stability for the mate- 
rial, i.e., less than 15 percent degradation over a 2CKX) 
hour solar exposure (FIG. 5), the reproducibility of 
results has proved excellent where processing parame- 35 
ters remain constant. Thus, erand aj values within the 
ranges specified are readily obtainable by selecting the 
parameters for these values illustrated in the graphic 
representations of FIGS. 1-4. An important feature of 
the present invention is to obtain consistent reproduc- 40 
ible initial values for a^. This is shown more clearly in 
FIG. 4 wherein after deoxidizing and prior to the physi- 
cal agitation (rag wash) to ensure removal of all particu- 
lates, the values obtained for varied between points A 
and B, but after the rag wash step, consistent values as 45 
designated by point C were obtained. 

Although the invention has been described relative to 
a specific process on specific material surfaces and for 
specific values of erand a^, the invention is not so lim- 
ited and numerous variations and modifications of the 50 
present invention will be readily apparent to those 
skilled in the art in the light of the above teachings 
without departing from the spirit or scope of the ap- 
pended claims. 

What is claimed as new and desired to be secured by 55 
Letters Patent of the United States is: 

1. A method of providing a thermal control coating 
on an aluminum or aluminum alloy surface with the 
coating having selected values within the ranges of 0.10 
to 0.72 thermal emittance (er) and 0.2 to 0.4 solar ab- 60 
sorptance (a^) comprising the steps of 
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providing an aluminum or aluminum alloy material 
having a thickness of at least 0.001 inch and a sur- 
face area thereon adapted to be subjected to ele- 
vated temperatures; 

cleaning the surface area by immersion in a metal 
cleaning bath at a temperature of 160" F. to 200" F. 
for five to ten minutes; 

removing the surface from the cleaning bath and 
rinsing in a room temperature water bath; 

placing the surface in a deoxidixer solution at a tem- 
perature of 150" F. for two to five minutes; 

removing the surface from the deoxidizer solution 
and rinsing in a room temperature water bath with 
surface agitation to remove all particulates from 
the surface; 

drying the surface by forced filtered air and measur- 
ing the initial thermal emittance and solar absorp- 
tance at this point; 

immersing the dried aluminum surface in a chromic 
acid solution; 

applying a controlled voltage between the surface 
and the chromic acid solution at a rate and for a 
period of time required to provide an anodized 
coating on the surface exhibiting the desired ther- 
mal emittance and solar absorptance respective 
ranges of 0.10 to 0.72 and 0.2 to 0.4. 

2. The method of claim 1 including the further steps 
of removing the anodized surface from the chromic 
acid bath; 

rinsing with water to remove the residual chromic 
acid; 

immersing the surface in a sealing bath consisting of 
clear water maintained in the temperature range of 
170" F. to 200" F. for ten minutes; 

removing the surface from the sealing bath and dry- 
ing with forced filtered air at ambient temperature. 

3. The method of claim 1 wherein the aluminum or 
aluminum alloy surface provided with the thermal con- 
trol coating is selected from the group consisting of 
aluminum sheet, aluminum plate and aluminum foils of 
6061, 1145 and 2024 aluminum. 

4. The method of claim 1 wherein the chromic acid 
solution contains three to ten percent by weight Cr03 
balanced with water. 

5. The method of claim 1 wherein the chromic acid 
solution is maintained in the temperature range of 90" F. 
to 100" F. during the anodizing step. 

6. The method of claim 1 wherein the pH of the chro- 
mic acid solution is in the range of 0.5 to 0.83. 

7. The method of claim 1 wherein the controlled 
voltage applied between the surface and the chromic 
acid solution is in the range of 10 to 40 volts and the 
time period is between 10 and 60 minutes. 

8. The method of claim 1 wherein the chromic acid 
solution has a pH of 0.5 and is maintained at a tempera- 
ture of approximately 95" F. during the anodizing step. 

9. The method of claim 8 wherein the controlled 
voltage applied between the aluminum surface and the 
chromic acid solution is approximately 25 volts and the 
time period of voltage application is 60 minutes. 

* * 
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